This study investigated the antioxidant activity of one hundred kinds of pure chemical compounds found within a number of natural substances and oriental medicinal herbs (OMH). Three different methods were used to evaluate the antioxidant activity of DPPH radical-scavenging activity, ABTS radical-scavenging activity, and online screening HPLC-ABTS assays. The results indicated that 17 compounds exhibited better inhibitory activity against ABTS radical than DPPH radical. The IC 50 rate of a more practical substance is determined, and the ABTS assay IC 50 values of gallic acid hydrate, (+)-catechin hydrate, caffeic acid, rutin hydrate, hyperoside, quercetin, and kaempferol compounds were 1.03 ± 0.25, 3.12 ± 0.51, 1.59 ± 0.06, 4.68 ± 1.24, 3.54 ± 0.39, 1.89 ± 0.33, and 3.70 ± 0.15 g/mL, respectively. The ABTS assay is more sensitive to identifying the antioxidant activity since it has faster reaction kinetics and a heightened response to antioxidants. In addition, there was a very small margin of error between the results of the offline-ABTS assay and those of the online screening HPLC-ABTS assay. We also evaluated the effects of 17 compounds on the NO secretion in LPS-stimulated RAW 264.7 cells and also investigated the cytotoxicity of 17 compounds using a cell counting kit (CCK) in order to determine the optimal concentration that would provide an effective anti-inflammatory action with minimum toxicity. These results will be compiled into a database, and this method can be a powerful preselection tool for compounds intended to be studied for their potential bioactivity and antioxidant activity related to their radical-scavenging capacity.
Introduction
Natural substances and oriental medicinal herbs (OMH) have been traditionally administered to treat or prevent various diseases in Asia, including Korea, China, and Japan [1] . Generally OMH have very effective anticancer, antiinflammatory, and antivirus properties [2] , and researchers have reported that these natural substances also exhibit antioxidant activity. In addition, their long historical clinical practice and reliable therapeutic efficacy make them excellent sources to discover natural bioactive compounds [3] . OMH have received extensive attention for their use as drugs, functional foods, and cosmetic materials [1, 4] . An extraction solvent composed of water and ethanol is commonly used to extract the bioactive compounds from OMH with subsequent boiling and distillation to obtain useful components [5] . The chemical constituents of OMH have been shown to be composed of natural products, including triterpenes, steroids, alkaloids, flavonoids, and polysaccharides [3, 6] . During our investigation on the potential antioxidant activity of the commonly known phytochemical, one hundred kinds of pure compounds were identified. Reactive oxygen species (ROS), which originate from oxygen, are naturally produced by some enzymes as part of the metabolism within the cytoplasm [7, 8] . However, excess ROS have a fatal effect on oxygen toxicity and cellular dysfunction. In addition, excess ROS have also been linked to maladies such as cancer, stroke, Parkinson's disease, heart disease, arteriosclerosis, infection, ageing, and autoimmune disease [8, 9] . Many studies have been carried out on the antioxidant activity that eliminates ROS to obtain more conclusive information [10, 11] , and OMH have been reported to contain these kinds of antioxidants: ABTS, DPPH, and lipid peroxidation inhibition. The corresponding target compounds were used to identify the 2 Evidence-Based Complementary and Alternative Medicine antioxidant activity, especially using DPPH or ABTS radical technique [12] . Recently, sensitive online HPLC methods (online HPLC-DPPH and online HPLC-ABTS assays) have been developed to analyse free radical-scavenging activity [5, 13] . An online system has been introduced to rapidly determine the antioxidant activity of each component in the given compounds, and online screening HPLC postcolumn assay involving DPPH or ABTS radical techniques has been developed to provide a new analysis screening technology method with which the bioactive compounds can be spectrophotometrically monitored due to the decrease in absorbance at 515 or 734 nm [14] . This new method was successfully applied to screen and identify the natural bioactivity of complex mixtures, especially for OMH [15] . In this study, we conduct DPPH and ABTS assays to screen for the antioxidant activity of one hundred kinds of pure chemical compounds, so the IC 50 rate of a more practical substance is determined. We also evaluated the cytotoxicity of 17 compounds, including (1) (+)-catechin hydrate, (2) calycosin, (3) caffeic acid, (4) curcumin, (5) eugenol, (6) ferulic acid, (7) gallic acid hydrate, (8) hyperoside, (9) kaempferol, (10) magnolol, (11) quercetin, (12) quercetin 3-beta-D-glucoside, (13) quercitrin hydrate, (14) rutin hydrate, (15) sinapic acid, (16) vanillylacetone, and (17) L-(+)-ascorbic acid, by using a CCK assay to determine the optimal concentration that would be effective for antiinflammatory activity with a minimum toxicity [9, 16] . In addition, the results of an online HPLC-ABTS assay of some of the compounds were compared and analysed to find a more practical approach toward the use of online screening HPLC-ABTS assays to quickly pinpoint peaks in chromatograms that correspond to bioactive compounds.
Experimental

Reagents and Materials.
One hundred kinds of pure chemical compounds were purchased from KFDA (Korea), Daejung (Korea), Sigma (USA), Chem Faces (China), TCI (Japan), ChromaDex (USA), Fluka (USA), Wako (Japan), GlycoSyn (New Zealand, USA), Santa Cruz Biotech (USA), China Lang Chem Inc. (China), and RD Chemical (USA). The following reagents were used for radical-scavenging assays: ABTS (2,2 -azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)), DPPH (2,2-diphenyl-1-picrylhydrazyl), potassium persulfate, and trifluoroacetic acid (TFA) were purchased from Sigma (USA). The HPLC-grade methanol and acetonitrile were purchased from J. T. Baker (USA). The triple distilled water was filtered with a 0.2 m membrane filter (Advantec, Tokyo, Japan) before analysis. Materials for cell culture were obtained from Lonza (Basel, Switzerland). LPS, bovine serum albumin (BSA), and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) were purchased from Sigma (St. Louis, MO, USA). Antibodies for ELISA were obtained from eBioscience (San Diego, CA, USA). The chemical structures of potentially selected compounds are shown in Figure 1. 
Standard Sample Preparation.
The high purity standard sample (higher than >95%) was prepared by dissolving 2 mg of each standard chemical in 20 mL of methanol and adjusting the concentration to 100 g/mL.
Offline DPPH Assay for Antioxidant Activity Evaluation.
The DPPH radical cation method [17] was modified to evaluate the free radical-scavenging effect of one hundred pure chemical compounds. The DPPH reagent was DPPH (8 mg) dissolved in MeOH (100 mL) for a solution concentration of 80 L/mL. To determine the scavenging activity, 100 L DPPH reagent was mixed with 100 L of sample in a 96-well microplate and was incubated at room temperature for 30 min. After incubation, the absorbance was measured 514 nm using an ELISA reader (TECAN, Gröding, Austria), and 100% methanol was used as a control. The DPPH scavenging effect was measured using the following formula:
The IC 50 DPPH values (the concentration of sample required for inhibition of 50% of DPPH radicals) were obtained through extrapolation from regression analysis. The antioxidant was evaluated based on this IC 50 value.
Offline-ABTS Assay for Antioxidant Activity Evaluation.
The ABTS radical cation method [17] was modified to evaluate the free radical-scavenging effect of one hundred pure chemical compounds. The ABTS reagent was prepared by mixing 5 mL of 7 mM ABTS with 88 L of 140 mM potassium persulfate. The mixture was then kept in the dark at room temperature for 16 h to allow free radical generation and was then diluted with water (1 : 44, v/v). To determine the scavenging activity, 100 L ABTS reagent was mixed with 100 L of sample in a 96-well microplate and was incubated at room temperature for 6 min. After incubation, the absorbance was measured 734 nm using an ELISA reader (TECAN, Gröding, Austria), and 100% methanol was used as a control. The ABTS scavenging effect was measured using the following formula:
The IC 50 ABTS values (the concentration of sample required for inhibition of 50% of ABTS radicals) were obtained through extrapolation from regression analysis. The antioxidant activity was evaluated based on this IC 50 value.
Online Screening HPLC-ABTS Analysis.
The online radical-scavenging activity of one hundred kinds of pure standard compounds was determined using the ABTS assay modifying the methods used by Stewart et al. [18] . A 2 mM ABTS stock solution containing 3.5 mM potassium persulfate was prepared and was kept in the dark at room temperature for 16 h to allow the completion of radical generation and Figure 2 is a schematic showing the online coupling of HPLC to a DAD (diode array detector) and the continuous flow ABTS assay. Online HPLC then arrived at a "T" piece, where ABTS was added. The ABTS flow rate was 0.5 mL/min, delivered by a Dionex Ultimate 3000 Pump. After mixing through a 1 mL loop which was maintained at 40 ∘ C, the absorbance was measured by a VIS detector at 734 nm. Data were analyzed using Chromeleon 7 software.
Cell Culture and Drug
Treatment. RAW 264.7 cells were obtained from the American Type Culture Collection (ATCC, Manassas, VA, USA) and grown in RPMI 1640 medium containing 10% FBS and 100 U/mL of antibiotics sulfate. The cells were incubated in humidified 5% CO 2 atmosphere at 37 ∘ C. To stimulate the cells, the medium was changed with fresh RPMI 1640 medium and LPS (200 ng/mL) [18, 19] was added in the presence or absence of 17 compounds (1, 5, and 10 g/mL) for 24 h.
Cell Viability Assay.
Cytotoxicity was analyzed using CCK (Dojindo, Japan). 17 compounds were added to the cells and incubated for 24 hours at 37 ∘ C with 5% CO 2 . 10 L CCK solutions were added to each well and the cells were incubated for another 1 h. Then the optical density was read at 450 nm using an ELISA reader (Infinite M200, Tecan, Männedorf, Switzerland).
Measurement of NO Production
. NO production was analyzed by measuring the nitrite in the supernatants of cultured macrophage cells. The cells were pretreated with 17 compounds and stimulated with LPS for 24 hours. The supernatant was mixed with the same volume of Griess reagent (1% sulfanilamide, 0.1% naphthylethylenediamine dihydrochloride, and 2.5% phosphoric acid) and incubated at room temperature (RT) for 5 min [19] . The absorbance at 570 nm was read.
Inflammatory Cytokine Determination.
Cells were seeded at a density of 5 × 10 5 cells/mL in 24-well culture plates and pretreated with three concentrations of 17 compounds for 1 hour before LPS stimulation. ELISA plates (Nunc, Roskilde, Denmark) were coated overnight at 4 ∘ C with capture antibody diluted in coating buffer (0.1 M carbonate, pH 9.5) and then washed five times with phosphate-buffered saline (PBS) containing 0.05% Tween 20. The nonspecific protein-binding sites were blocked with assay diluent buffer (PBS containing 10% FBS, pH 7.0) for more than 1 hour. Promptly, samples and standards were added to the wells. After overnight of incubation at 4 ∘ C, the working detector solution (biotinylated detection antibody and streptavidin-HRP reagent) was added and incubated for 1 hour. Subsequently, substrate solution (tetramethylbenzidine) was added to the wells and incubated for 30 min in darkness before the reaction was stopped with stop solution (2 N H 3 PO 4 ). The optical density was read at 450 nm [19] .
Statistical Analysis.
The results are expressed as mean ± SD values for the number ( = 3 times) of experiments. Statistical significance was compared for each treated group with the control and determined by Student's -tests. Each experiment was repeated at least three times to yield comparable results. Values with < 0.01 and < 0.001 were considered significant.
Result and Discussion
Several researches have revealed that a variety of natural and chemical compounds from natural substance crops, fruits, vegetables, and oriental medicinal herbs (OMH) have shown high antioxidant activity after the extraction and purification processes [3] . In addition, various methods have been used to determine the antioxidant activity of natural substance crops, foods, and plant products [1, 4] . The present study used three different methods to evaluate the antioxidant activity consisting of DPPH radical-scavenging activity, ABTS radicalscavenging activity, and online screening HPLC-ABTS assays. Therefore, this work documented for the first time a comparison of the antioxidant activities of one hundred kinds of pure chemical compounds.
Offline DPPH and ABTS Assay.
Antioxidant activity reportedly has an effect on various different bioactivities (whitening, anti-inflammation, and high blood pressure). The antioxidant activity of natural substances and OMH has been widely studied, and, thus, this study identifies the antioxidant activity of standard substances that have originated from various OMH in terms of their DPPH radicalscavenging activity and ABTS radical-scavenging activity. The DPPH and ABTS radical-scavenging assays offer a redoxfunctioned proton ion for unstable free radicals and play a critical role in stabilizing detrimental free radicals in the human body. This is generally achieved by taking advantage of the fact that unstable violet DPPH and ABTS free radicals transform to stable yellow DPPH free radicals by accepting a hydrogen ion from antioxidants. In terms of the antioxidant activity, the ability to eliminate hydroxyl radicals or superoxide radicals through a physiologic action or through oxidation is evaluated, and a high index indicates a strong antioxidant activity. Table 1 provides the results of the DPPH and ABTS radical scavenging in 100 ppm for one hundred kinds of pure standard compounds used in this study. 17 compounds among the one hundred kinds of pure standard compounds ((1) (+)-catechin hydrate, (2) calycosin, (3) caffeic acid, (4) curcumin, (5) eugenol, (6) ferulic acid, (7) gallic acid hydrate, (8) hyperoside, (9) kaempferol, (10) magnolol, (11) quercetin, (12) quercetin 3-beta-D-glucoside, (13) quercitrin, (14) rutin hydrate, (15) sinapic acid, (16) vanillylacetone, and (17) L-(+)-ascorbic acid) have an antioxidant activity of over 90%. Table 2 shows the IC 50 rate of compounds with a strong antioxidant activity. The ABTS radical-scavenging measurement method, which is commonly used to evaluate the antioxidant activity, takes advantage of the fact that ABTS free radicals become stable by accepting a hydrogen ion from the antioxidant, losing their blue colors. Moreover, in the ABTS assay as well as in the DPPH assay, when antioxidant activity occurs, the ability to eliminate hydroxyl radicals or superoxide radicals through physiologic action or oxidation is evaluated with a high index indicating a strong antioxidant activity. Each of the DPPH and ABTS are compounds that have a proton free radical, with a characteristic absorption that decreases significantly upon exposure to proton radical scavengers. DPPH and ABTS radical-scavenging through antioxidant activity are well known to be attributable to their hydrogen-donating ability (Tables 1 and 2 ). The concentration of these compounds required to inhibit 50% of the radicalscavenging effect (IC 50 ) has been determined by testing a series of concentrations. In particular, the sample with (+)-catechin hydrate, caffeic acid, eugenol, gallic acid hydrate, hyperoside, quercetin, vanillylacetone, and L-(+)-ascorbic acid compounds showed the strongest activity. In addition, the 17 compounds showed better inhibitory activity against ABTS radical than the DPPH radicals. That is, the ABTS assay is more sensitive in identifying antioxidant activity because of the faster reaction kinetics, and its response to antioxidants is higher. Consequently, this study shows that the ABTS assay IC 50 values of gallic acid hydrate, (+) [20] . The HPLC analyses react postcolumn with the ABTS, and the reduction is detected as a negative peak by a VIS absorbance detector at 734 nm. The ABTS radical is much more water soluble than DPPH [13] , so ABTS better shows the details of an online HPLC-ABTS assay system that analysed the 17 given compounds (Figures 3(a) and 3(b) ). Combined UV (positive signals) and ABTS quenching (negative signals) chromatograms of the 17 compounds ( (1) Figure 3 (a). Of these, seven compounds that showed excellent activity were further analysed. Several eluted substances were detected in the 7 compounds, including (1) gallic acid hydrate (210 nm), (2) (+)-catechin hydrate (210 nm), (3) caffeic acid (320 nm), (4) rutin hydrate (210 nm), (5) hyperoside (210 nm), (6) quercetin (210 nm), and (7) kaempferol (254 nm), which are observed as a positive signal on the UV detector (210, 254, and 320 nm). The retention times ( ) of (1) gallic acid hydrate ( 5.62 min), (2) (+)-catechin hydrate ( 9.46 min), (3) caffeic acid ( 11.12 min), (4) rutin hydrate ( 15.86 min), (5) hyperoside ( 16.26 min), (6) quercetin ( 23.58 min), and (7) kaempferol ( 28.30 min) are reported in Figure 3(b) . The other compounds exhibited a hydrogen-donating capacity (negative peak) towards the ABTS radical at the applied concentration. These results therefore reveal that this method can be applied for quick screening of antioxidant activity or, more precisely, of radical-scavenging activity (Table 3) . This work confirms the feasibility of assessing the bioactivity of specific phytochemicals by using an online screening HPLC-ABTS assay. This method was successfully applied to screen and identify the antioxidant activity of natural substances and OMH complex mixtures [5, 15] . The results show the shape of the chromatogram by the competitive adsorption and desorption. In addition, the screening methods for the rapid activity can provide useful information in basic research on natural products chemistry and isolation analysis. It is considered that the data will only be valuable in engineering and also very useful as functional materials and pharmaceutical materials in commercial processes.
Anti-Inflammatory Activity Screening
Effect of 17 Compounds on RAW 264.7 Cell Viability.
We evaluated the cytotoxicity of the 17 compounds by using CCK to determine the optimal concentration that would be effective in providing anti-inflammatory activity with a minimum toxicity. As shown in Figure 4(a) , kaempferol, quercetin, and curcumin show toxicity at a concentration of 10 g/mL. Also, quercetin 3-beta-D-glucoside has a strong toxicity on macrophage viability at 5 g/mL or more. Vanillylacetone, hyperoside, gallic acid hydrate, sinapic acid, rutin hydrate, ferulic acid, (+)-catechin hydrate, ascorbic acid, calycosin, caffeic acid, magnolol, quercitrin hydrate, and eugenol did not affect cell viability up to 10 g/mL, indicating that these 13 compounds are not toxic to cells. Stimulated RAW 264.7 Macrophages. We evaluated the effects of 17 compounds on NO secretion in LPS-stimulated RAW 264.7 cells. The cells were pretreated with 17 compounds at concentrations of 1, 5, and 10 g/mL prior to LPS stimulation, and NO production was also measured. We employed 10 M dexamethasone as a positive control, since it is widely used as an anti-inflammatory agent. As shown in Figure 4 (b), vanillylacetone, gallic acid hydrate, kaempferol, quercetin, magnolol, and curcumin exhibit a strong inhibitory effect on NO secretion upon LPS stimulation. The inhibitory effects of 10 g/mL kaempferol, quercetin, and curcumin on NO production were a result of their cytotoxicity. However, kaempferol, quercetin, and curcumin exert effective inhibition at concentrations of 1 and 5 g/mL. In particular, magnolol strongly inhibited NO production in a dose-dependent manner without toxicity. Hyperoside, sinapic acid, rutin hydrate, ferulic acid, (+)-catechin hydrate, IL-1 (pg/mL) * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ascorbic acid, calycosin, caffeic acid, quercitrin hydrate, eugenol, and quercetin 3-beta-D-glucoside do not show remarkable suppressive effects.
Effect of the 17 Compounds on NO Production in LPS-
Effect of the 17 Compounds on LPS-Induced
Inflammatory Cytokines Production. Next, we investigated the inhibitory effect of the 17 compounds on the production of inflammatory cytokines, including TNF-, IL-6, and IL-1 , which are the other parameters of the inflammation. Gallic acid hydrate exerts an inhibitory effect on the TNF-cytokine production at all concentrations in a dose-dependent manner. In addition, 5 g/mL kaempferol and 10 g/mL magnolol show a strong inhibitory effect ( Figure 5(a) ). As shown in Figure 5 (b), vanillylacetone, gallic acid hydrate, kaempferol, and quercetin significantly inhibited IL-6 cytokine secretion in a statistically significant, dose-dependent manner. In addition, all of the compounds showed an inhibitory effect on IL-1 cytokine production. Gallic acid hydrate, kaempferol, quercetin, and magnolol were especially strong inhibitors of IL-1 cytokine production in a dose-dependent manner ( Figure 5(c) ).
Conclusions
This study provides a comparison of the free radical scavengers in the one hundred kinds of pure chemical compounds through an offline DPPH radical-scavenging activity assay, ABTS radical-scavenging activity assay, and an online screening HPLC-ABTS assay. Here, the IC 50 rate of a more practical substance is determined. The results indicate that the ABTS assay IC 50 values of gallic acid hydrate, (+)-catechin hydrate, caffeic acid, rutin hydrate, hyperoside, quercetin, and kaempferol compounds were 1.03 ± 0.25, 3.12 ± 0.51, 1.59 ± 0.06, 4.68 ± 1.24, 3.54 ± 0.39, 1.89 ± 0.33, and 3.70 ± 0.15 g/mL, respectively. This testing methodology provided a useful tool to focus efforts on chemically active radical-scavenging compounds with high kinetic rates and allowed quick gathering of useful information related to the molecular compounds in terms of their antioxidant activity potential. In addition, there was a very small margin of error between the results of the offline-ABTS assay and those of the online screening HPLC-ABTS assay. We also evaluated the effects of 17 compounds on NO secretion in LPS-stimulated RAW 264.7 cells and the cytotoxicity of the 17 compounds using CCK to determine the optimal concentration that would be effective to provide antiinflammatory activity with a minimum toxicity. These results will be compiled into a database, and this method can therefore be a powerful preselection tool for compounds intended to be studied for their potential bioactivity and antioxidant activity related to their radical-scavenging capacity.
